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METHOD AND APPARATUS FOR ENABLING A STAND ALONE 

INTEGRATED CIRCUIT 

TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to integrated circuits and more particularly to 
enabling a stand-alone integrated circuit. 



Integrated circuits are known to include a large amount of circuitry in a very small 
area. The circuitry may perform a wide variety of functions such as a microprocessor, 
digital signal processor, operational amplifier, integrator, audio encoder, audio decoder, 
video encoder, video decoder, et cetera. To power such integrated circuits, the integrated 
circuits include power pins for a power input (typically V dd ) and a return pin (typically 
V ss ). The power is typically provided by a regulated external power supply. As such, 
once the external power supply is up and running, the integrated circuit may be activated 
in a known state. 

For most digital circuits on an integrated circuit, a clock signal is needed. The 
clock is typically generated once an external power supply is producing a regulated 
supply voltage to the integrated circuit (IC) and the IC has been activated. To ensure that 
the digital circuitry begins functioning in a known state, it is important to delay activation 
of the digital circuit until the power supply is producing a stable supply voltage and the 
clock is operating properly. Once these operating parameters are ensured, the digital 
circuitry may be activated. 



BACKGROUND OF THE INVENTION 



Insuring the proper enablement of an IC is relatively straightforward when the 
power supply is external to the IC. If, however, the power converter is on-chip with the 
digital circuitry and the power converter requires a clock signal to produce a supply 
5 voltage, a difficulty arises in enabling such a stand-alone integrated circuit. 

Therefore, a need exists for a method and apparatus for enabling a stand-alone 
integrated circuit that includes an on-chip power converter. 

1 0 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a schematic block diagram of a stand-alone integrated circuit 
in accordance with the present invention; 

Figure 2 illustrates a schematic block diagram of an alternate stand-alone 
integrated circuit in accordance with the present invention; 

Figure 3 illustrates a logic diagram of a method for enabling a stand-alone 
integrated circuit in accordance with the present invention; and 

Figure 4 illustrates a schematic block diagram of an embodiment of the reset 
circuit of Figure 1 . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
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Generally, the present invention provides a method and apparatus for enabling a 
stand-alone integrated circuit (IC). Such a method and apparatus includes processing that 
begins by establishing an idle state that holds at least a portion of the stand-alone 
integrated circuit in a reset condition when a power source is operably coupled to the 
30 stand-alone integrated circuit. A stand-alone integrated circuit includes generally an on- 
chip power converter, a reset circuit and some functional circuitry which may be a 
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microprocessor, digital signal processor, digital circuitry, state machine, logic circuitry, 
analog circuitry, and/or any type of components and/or circuits that perform a desired 
electrical function. When a power enable signal is received, the on-chip power converter 
is enabled to generate at least 1 supply (e.g. a voltage supply or current supply) from the 
5 power source (e.g. a battery). The processing continues by enabling functionality of the 
stand-alone integrated circuit when the at least one supply has substantially reached a 
steady state condition. With such a method and apparatus, a stand-alone integrated 
circuit may be properly enabled such that when the functional circuitry of a stand-alone 
integrated circuit is enabled it is enabled in a known state to ensure proper operation of 
10 the integrated circuit. 



The present invention can be more fully described with reference to Figures 1 
through 4. Figure 1 illustrates a schematic block diagram of a stand-alone integrated 
circuit 10 that includes a reset circuit 16, an on-chip power converter 18, functional 
15 circuitry 22, and a supply lock circuit 20. The stand-alone integrated circuit 10 is 

operably coupled to an external power source 12, which may be a battery, solar power 
generator, or other power source that produces a voltage that is not the proper voltage for 
powering at least a portion of the stand-alone integrated circuit 10. The stand-alone 
integrated circuit 10 is also operably coupled to an external crystal 14 that provides an 
£3 20 oscillation to the reset circuit 1 6. 
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The reset circuit 16 includes a reset module 24, a clock lock module 26, and a 
clock generator 28. When the power source 12 and the crystal 14 are coupled to the 
stand-alone integrated circuit 10, the clock generator 28 produces a clock signal 32. The 
25 clock lock module 26 monitors the clock signal 32 to determine when it has reached a 
steady state condition. The clock signal 32 has reached a steady state condition typically 
when it is producing a clock signal at approximately 1 0% of the ideal frequency of the 
desired clock signal. Note that the reset circuit 16 will hold the power converter enable 
signal 31 in an inactive state until the clock lock signal 34 is asserted. 
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The reset module 24 holds the reset signal 30 low such that the functional 
circuitry 22 is held in an idle condition until the supply lock signal 44 is asserted as well 
as the clock lock signal 34. The function of circuitry 22 may be a microprocessor, digital 
signal processor, state machine, logic circuitry, analog circuitry, and/or any combination 
5 of electrical components to perform a desired electrical response given an electrical 
stimulus. 



The on-chip power converter 18 includes a band-gap reference 36, switching 
transistors 38 and a regulation module 40. The on-chip power converter 18 remains 
10 inactive until a power enable signal is asserted. Once asserted, the band-gap reference 36 
generates a reference voltage that is supplied to the regulation module 40. The regulation 
module 40 receives the clock signal 32 and generates control signals that are provided to 
the switching transistors 38. Based on the control signals, the switching transistors 38 
produce a regulated supply 42. The supply lock signal 20 and the functional circuitry 22 
h\ 1 5 receive the regulated supply 42. For a more detailed discussion of the on-chip power 
^ converter 18, refer to co-pending patent application having a docket number of 

H> SIG0000 1 0, entitled METHOD AND APPARATUS FOR REGULATING A DC 

* u OUTPUT VOLTAGE, having a Serial Number of 09/55 1 , 1 23, and a filing date of April 

^ 18,2000. 
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S The supply lock circuit 20 receives the supply 42 and determines when it has 

reached a steady state. The supply lock circuit 20 determines that the supply 42 reaches a 
steady state when the supply reaches at least 90% of its desired value. When this occurs, 
the supply lock circuit 20 generates a supply lock signal 44. 
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The reset module 24 receives the supply lock signal 44 and, if the clock lock 
signal 34 is enabled, the reset module 24 clears the reset signal 30 thus removing the 
functional circuitry 22 from the idle state. Once removed from the idle state, the 
functional circuitry 22 may perform its desired function(s). As one of average skill in the 
30 art will appreciate, multiple functional circuits may be included on the stand-alone 

integrated circuit where each functional circuit may be controlled by the reset circuit 1 6 
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or may each have its own corresponding reset circuit 16. The on-chip power converter 18 
may produce multiple supply voltages for powering different types of functional 
circuitries. For example, analog circuitry may require a 5 volt supply while digital 
circuitry may require a 3 volt supply. As one of average skill in the art may further 
appreciate, the clock signal 32 may be delayed from generation until the power enable 
signal is activated as opposed to being generated upon application of power source 12. 

Figure 2 illustrates a schematic block diagram of an alternate stand-alone 
integrated circuit 50. The stand-alone integrated circuit 50 includes the on-chip power 
converter 18, the functional circuitry 22, a processing module 52, and memory 54. The 
processing module 52 may be a single processing device or a plurality of processing 
devices. Such a processing device may be a microprocessor, microcomputer, digital 
signal processor, state machine, logic circuitry, and/or any device that manipulates 
signals (analog or digital) based on operational instructions. The memory 54 may be a 
single memory device or a plurality of memory devices. Such a memory device may be 
read only memory, random access memory, system memory, and/or any device that 
stores digital information. Note that when the processing module 52 implements one or 
more of its functions via a state machine or logic circuit, the memory storing the 
corresponding operational instruction is embedded within the circuitry comprising the 
state machine and/or logic circuit. 

In general, the processing module 52 receives a power enable signal 56. Based on 
the power enable signal, the processing module performs a plurality of processing steps, 
which are discussed in greater detail with reference to Figure 3, to produce an enable 
signal 58. The enable signal 58 causes the on-chip power converter 18 to produce supply 
42. Once the supply 42 reaches a steady state, the processing module 52 clears the reset 
signal 30 such that the functional circuit 22 may become active. 

Figure 3 illustrates a logic diagram of a method for enabling a stand-alone 
integrated circuit. The process begins at Step 60 where an idle state is established. The 
idle state holds at least a portion of the stand-alone integrated circuit in a reset condition 




when a power source is operably coupled to the stand-alone integrated circuit. For 
example, when a battery is coupled to the stand-alone integrated circuit the functional 
circuitry is held in an idle, or inactive state. The process then proceeds to Step 62 where 
a power enable signal is received. The process then proceeds to Step 64 where, in 
5 response to the power enable signal, an on-chip power converter of the stand-alone 
integrated circuit is enabled to generate at least one supply from the power source. The 
on-chip power converter may produce one or more supplies, which may be a voltage 
supply, or a current supply, for powering different functional circuits of the stand-alone 
integrated circuit. The process then proceeds to Step 56 where the functional circuitry of 
10 the stand-alone circuit is enabled when the at least one supply has substantially reached a 
steady state condition. 

Q Processing Steps 64 and 66 may be described in further detail with reference to 

SI Steps 64-1 through 64-4 and Steps 66-1 through 66-3. At Step 64-1, a clock signal is 

15 generated. The processing then proceeds to Step 64-2 and Step 64-4. At Step 64-4, a 
Si clock lock signal is generated when the clock has substantially reached a steady state 

y, condition. At Step 64-2, power converter regulation signals are generated based on the 

3 clock signal. The process then proceeds to Step 64-3 where a band-gap reference is 

H= enabled. The band-gap reference is used to generate the power converter regulation 
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□ 20 signals. The process then proceeds to Step 66-1 where the clock lock signal is detected. 
™ The process then proceeds to Step 66-2 where a supply lock signal is detected. The 

process then proceeds to Step 66-3 where the reset signal is de-asserted upon detection of 

the clock lock signal and the power supply lock signal. 

25 The processing of Step 60 may further be described with reference to Steps 60-A 

to Step 60-B and Step 66-A. At Step 60-A, a reset signal is enabled for at least a portion 
of the stand-alone integrated circuit. The portion of the stand-alone integrated circuit 
may be for a corresponding functional circuitry where each functional circuitry has its 
own reset signal or the reset signal may be applicable for the entire integrated circuit. 

30 The process then proceeds to Step 60- B where a clock signal is generated. The process 




then proceeds to Step 66-A where the clock signal is provided to the components of the 
stand-alone integrated circuit and the reset signal is de-asserted. 

Figure 4 illustrates a schematic block diagram of an embodiment of the reset 
5 circuit 16. The reset circuit 16 includes P-channel transistors 70 and 76, N-channel 
transistors 78 and 104, and logic elements 72, 80, 86, 88, 84, and 90. Also shown in 
Figure 4 are the regulation module 40, a transistor 92 of the switching transistors 38, and 
the clock lock module 26. 

1 0 When the power source 12 is coupled to the stand-alone integrated circuit and the 

power enable, or power-up signal 94, has not been activated, resistor 82 holds the output 
of OR gate 80 low such that the power converter enable signal 3 1 is low. The regulation 
module 40 then pulls the gate of transistor 92 low, making the power source 1 2 
substantially equal to the power supply 42. By enabling the power source to be coupled 

1 5 to the supply 42 in this manner, power can be provided to limited portions of the stand- 
alone integrated circuit including portions of the reset circuit 1 6 and the clock generator 
28. With the power source connected to the stand-alone integrated circuit and the crystal 
14 connected to the stand-alone integrated circuit, a crystal input 98 is provided to an 
input of a NAND gate 86 and to an input of the clock lock module 26. The other input of 

20 NAND gate 86 is received from the non-inverting output of D flip-flop 84. The output of 
NAND gate 86 is coupled to inverter 88 wherein the output of inverter 88 is the clock 
signal 32. The inverting output of D flip-flop 84 is coupled to inverter 90 wherein the 
output of inverter 90 corresponds to the power converter enable signal 3 1 . The other 
input of the clock lock module 26 is the output of the logic gate 38. The output of the 

25 clock lock module 26 is connected to the RB and D inputs of the D-flip-flop 84. 

When the power-up signal 94 is enabled, the output of OR gate 80 goes high 
thereby enabling the clock lock module 26. Once the output of the clock lock module 26 
goes high, the power converter enable signal 3 1 is activated. This causes the regulation 
30 module 40 to provide a control signal to transistor 92 such that the supply 42 is generated 
at the desired output level. Once the supply has reached a steady state condition, the 



converter lock signal 96 is generated thereby holding the output of OR gate 80 high. 
Note that the reset signal 30 could be generates as a signal equivalent to the converter 
lock signal 96 or as a logic AND of the converter lock signal 96 and the output of the 
clock lock module 26. 

When the on-chip converter is turned off, the converter off signal 102 is activated 
high thereby enabling transistor 104. This actively pulls down on the output of logic gate 
80 causing the clock lock module 26 to be disabled. This, in turn, resets the D flip-flop 
84 and returns the regulation module 40 to a reset condition. 

The preceding discussion has presented a method and apparatus for enabling a 
stand-alone integrated circuit. A stand-alone integrated circuit includes its own on-chip 
power converter such that an appropriate sequence of enabling the circuitry is performed 
to conserve power and to insure accurate startup of the integrated circuit. As one of 
average skill in the art will appreciate, other embodiments may be derived from the 
teaching of the present invention without deviating from the scope of the claims or spirit 
of the invention. 



